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SUM4LHY

Tensile tests were made of NACA Acrotensfie specimens af
O.050-inch diameter sectioned from finished cast-iron piston rings.
Tests were also made on NACA microtensilc and bar spscimens sec-
tiomd frmn castings of ]L~,000and 70,01XI pounds per square tich
nominal tensile stren~th. Photmnicrographs are presented in the
report to show the relati.tmbetween graphite-flake size and tensile
strength and radio~y?apheare given to sh~i shrinkage cavitias in
finished pistcn rings.

.

Tests of NACA microtensi.lespccimcns from fin~.ohedpiston rings
of various nominal tnnsjle stre]lgthashowed t.hsfollowjn~ results:

Nom5nal tcnsl.le Avera~;eten~ile
str?ngth stren@h from N.4CA

microte;isilett3sts
(lb/sq in.) (lb/sq La.)

45’,000 38,c)cmto 43,000
68,000 68, !300
7t3,000 57,000to 63,000

In general, the test results of KACA microtensil.especimens were
somewhat lower than th~ test results from bar specimens sectioned
from the same castings.

The metallographic examination shuwwl that the lower strengths
were accompanied by hr~sr graphite-flake sizes. Shrtikage cavities
had an adverse effect on the tensi~e strength of cast-tion rings of
!%,000 pounds per square inch nomiW- tensile strength, as shown h
radiographs and photomicrographs.

The use & the NACA microtensile specimens in a tensile-strength
investigatim has the advantage of permitting the use of finished
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piston rings which have been cast in a production manner. M the
basis of ths agreement of test results from NACA microtensile Ypecl-
mens with results from bar specimens, it is believed that the tests
an NACA microtensile specimens obtained frcm all portions of the
castings or rings give representative tensile strengths.

INTRCNTCTIUN “

As the power of an aircraft en@ne is increased, the precision
of construction and the quality of every engine part must be Lnproved.
The piston rings are cme of the first parts to fail as the operating
loads and tcmpcraturcs in an engine cylinder are increased. The t-we
of failure varies from scuffed and feathered rings, which result in
high oil consumption, to stuck and broken rings. One”of the important
properties of the piston rings from a ccmideration of the resistance
to breakage is the tensile stren.tihof the ring material. The wear
properties of Fiston-ring matmisls may vary appreciably with tensile
stren~th but resistance to mar is more.dependent on other factors.

An investigation of the tensile stren~th of cant-iron piston
rings was conducted early in 194.)1at the 1L4CAAircrtit En@M Rssearch
Laboratory. The priwr: cbject of tileinvestigation was to determine
the tensile strenbtihof cast-iron piston rimgs of various notinal ten-
sile strengtks. ;~secoudary object was to comF&we the liAr~micro-
tensile method of testing with tho standard tensjle-bar method of
testing piston-ring naterials. ‘Re fivcsti?at-;on was concerned only
with the tensile strength of the rings and the effect of microstructure
on tensile strength.

Because of the nature of cast iron, the p’hy~ical cl!aractcristics
of the material are dependent to a layq: extent upon fo’.udrytr~atmont.
The problem therefore arose of how to i~Lv’%t@&k the material on the
ba:;isof its ul..timatztms ile stren@h. One method in cwrent use
consists in raking special test,castings having straight snctions that
can be used as tensile specimenb. This standari method was one of the
two used jn this investi~ation. The second method, cievelmpedat the
NACA, utilizes microt.ensi.letest specimms small enough to be sec-
tioned from finished piston rings. This secofld.~eti;odbas the advan-
ta~e of permittti-gthe use of piston rinflscast in a production manner;
the results of this method should therefore be representative of the
tmsile strengths of piston-ring wtmrials in th~ f+nished piston-ring
conditicm. In cmnparison with usual cast irons, pi:ton-ring cart
irons have relatively small graphite flakesJ it is therefore beliewd
that microspecimens should be suitable for tensile tests of piston- .
ring materials.
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Mlcrotesttig of steel and Iron has been the object of nmch dis-
cussion. In reference 1, a method af testtig microtensile specimens
is described in a study of welds where microtensile specimens of
0.0~9-jnch diameter were sectioned from various zones of steel welds.
Eugene (reference 2) has described a method of testing small cast-
ircn specimens of 0.222-inch diameter in production control of a
cast-iron foundry. Each author states that hls method of testing
microspeclnmns of homogeneous materials is comparable with standard
test methc%iswithin the expected scatter of results for cast irons.
Draffin and Collins (reference 3) state that thi5 scatter may vary
as much as 10 to 11 percent for iron castings from the same pouring.

‘JW3TSPEOIMENS AND APPARATUS

qeci%%”ca~ %% ~ =~;;~~;;~~u%~d~ ;~~=

.

manufacturers in determining tensile strength~ and the ?JACAmicro-
tensile specimen (fi~. l(b)). The WACA microtensile specimen is
approximately one-tenth the size of a standard A.S.T.?!.O.~O$inch-
diameter tension.test specimen for cast tions however, a longer
proportionate distance was left betwaun the r~duced area and the
thread. The ticreased le~th was required for greater ease h
handlhg the small test specimms.

The bar specimens were ~chinrd from the straiqht sections of
the test castings (fig. 2). The NACA microtinsile specimens were
s~ctioned from (1) the curved sections remsining after the straight
sections had been remcved from the test castings (fig. z(a));
(2) the unfinished rough bar specimns (fig. 2(b))J (3) the machined
bar specimens (fig. z(b)); and (IJ)the miscellaneous finished piston
rings (fig. 3(c)). The difference between the number d? speciIwns
prepare.iand the number for which teet results are reported resulted
from the fact that some specimens broke outside the gage length.

The diameters at the gage length of the specimens were measured
on a pedestal comparator to the nearest 0,0001 inch. Two perpen-
dicular diameters were measured. These diameters were averaged h
order to obtain the diameter used for calculating the cross-sectional
areas.

Radiograplw. - In order to obtain reliable results it was found
deslrablo to radiograph all materials before machining tito tensile
specimens. The location of defective areas in the castings or rings

. . .. . . ..- ----- —-. —
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uas detected by radiographs and specimens were selected from both
defectim and solid sections to test thejr respective properties.
Figures L and ~ are radiographs of ffilished cast-iron rings having
a nominal t msile strength of 9S, COOpounds per square inch.
Ring AE-2 (fig. 4) and rin AE-10 (fig. ~(b)) had shrinkage cavi-

!tiesJ rtig AE-7 (fig. s(a) was free from such defects.

Testing machine and holders. - The bar specimens were tested
on a 120,090+ound-capacity universal.hydraulic testtig rmchi.ne
using the 6CKK)-poundrange of loadin~. A paix of 10,MO-pound-
capacity TeriplinCrips ~as used t.nhold the snecimons. (s~e fig. 6.)

The NACA microtensiJe s~ecimens were tested on another
120,X&pound-capacity universal I@raul ic testing machine using
the 1200-poIInclrange Gf loading. Specially designed universal jotits
were used h trsting small specimens. The jotits were almx! until
eccentriciti~was reduced to a mhtimum. One end of each hold-r was
tapped for the sph~ricsl seating bolt used with the Templ+a grips.
The othsr end was tapped to hold the threaded s~ecincn. F “Lgure7
shows the holders and the MCA inicroisnsi..lesn~ciwn.

TWO series 01’ tests were EEL&. In the first series, the ten-
sile strendths ol NACL microtensil.eSrJ~ChCIIS from finished piston
rings were compared with nominal tensile sLrengtk=. In tlw second
series, the tensile strengths a“ MCA inicrotensileand bar spcciwns
sectioned from special castings were compared with each other and
wihh the nnmiml tens~lc ~tren@ns.

The actual procedure for running the tenfijlctests WAS similar
to the procedure for testing standard-size .swcirwns. A rate of
loading of 90 pounds per minute was used in t=stsng the NACA micro-
tensile specimens and a rate of loding of 750 pounds ~er minute was
used in testing t!lebar sp~cimens. 130thrates of load-m were chosen
to give approximl,ely the same sbress incraass pm unit time.

for comwrison with the mamfact.lrerlsnominal tensile””dmngth
of their ring materials. Tests wnre ma-leof tact irons af b~,~,
6U,C)20,70,000, 80,’300and 95,000 pounds pcr squnre inch nonin.alten-
sile strength.

Tests of I!ACAmicrotensile syecimens and bar spccirmns. - The
tests~A microtensile and bar S.WC.LWCW :Tcremnde cm the fol-
lting cast-iron szunples: %
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(a) 70~~at:wxl.s per square

-- (b) 70:@&

(c) 45$Jl&

pounds per square

pounds per s quam
test castings

inch nominal,

‘hch nmdnal,

tich ncnchal,

5

as cast and heat

machtned tensile

rough bar specinwns

Sti NAOA microtensfle specimens and two bar specimens wre sec-
tionsd f rm each casting of 70,000 pounds per square inch cast tron.
Two samples & as-cast and four of heat-treated casthgs were tested.
Of 17 bar specimens received from ths ring manufacturer, 10 were
tesLed as bar specimens. The othsr 7 mre sectianed into 3 NAOA
microtensile spechem each (fig. ~(b)) giving a total of 21 NAOA
microhensfle specimens.

Out of 10 rough bar specimens, 7 from castings of nominal
45,~0 pounds per square inch.cast iron nmw machined into finished
bar epscimem; 9 NACA microtenslle specimens were machined from the
other ~ rough bar specimens (fig. 3(b)).

Accuracy of tests. - The accuracy of tha diameter measurements
by the pedestal comparatorwis 20.S percnnt. The accuracy of temgile
tesLs on b,ar&~scimcns was 52.$ nercent ‘m the railgeof testing
(1900 to 2200 lb). The accurmy of tensile tests on lTACAmicrotensile
specimens wan low, before correction, h the range of testing (5O to
200 lb). A calibration curve (iig. 8) was determined for t!le
12’;O-pour.drange or Me 120,OCX1-pounduniversal tt?stingmachine for
lCWS from 20 to 260 rJovnds. Ti:>stlads ware c~r~ect~d to ~ithi~
~ percent of th{:tru& value~ usin~ tho i’ollowing formula:

( )
actuzilload = mactie readinC 1.- Percm~& ‘rra

The ovur-all accuracy of testtiC after correctim was within ~
cant.

per-

Metallograp hy. - In Order to determine the effect of the micr- .
structure of the cast tiona on tho t~st results, photomicrogwphs
were taken of unetchml and etched specimens at a magnification of
200 diam3ters. The specimens wsre prnpared by ro~qh polishing suc-
cessive on lJo,2 through No. 000 grit emm~ papers. The specimsns
were finish-polishedfirst on a wax 1ap impre~teci wSth 600 grit
alumina, next on a pazzaffin lap with levigated alundma, and last on
a vdveteen cloth us~ magnesium oxide. Spechen etching ma done
with a b-percent picral’solut-ioni
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RESULTS AND DISCUSSION

Tests of NAM microtensile specimns from finished piston

+
r- S. - The results of tests of NACA microtensile specimens from
inished piston rings are shuwn in table I and figure 9. The cast
iron of 95,000 pounds per square inch nominal tensile strength gave
widely varying results. A radiograph (fig. 4) shows that ring AE-2
had much shrinkage porosity. Results of these tests were conse-
quently low. Although ring M-7 (fig. s(a)) was free of defects,
tensile-test results indicate that this ring had a low tensile
strength. Ring AE-10 was radiographed before testing (fig. ~(b))
and specimens were selected from both defective and solid sections.
The widely varying results proved that a choice of sections is very
important. Tensile-test results in the defect-free sections of
rtig AE-10 check closely with the nominal tensile value, whereas
the specimens having shrinbge cavities showed low tensile strength.
(See table I and fig. 9.)

Results for ring AF-2 (nominal tensfle strength, &3,000 lb/sq in.)
were low. Because this ring was not radiographer before testing, it
is not known whether defects were responsible for the low values.

Results obtained on the cast-iron rings of 68,000 pounds per
square inch nominal tensile strength showed an average tensile
strength of 68,900 pounds per square inch. The sveraf:eresults of

the ~}fich-dtimeter rings of 70,000 pounds per square inch

nominal tensile stren@h fell below the nominal value. Average t.m-
sile values for the miscellaneous stock rings fell slightly below
the nor.inaltensile strength of LS,000 pounds per square inch.

Tests of NACA ficrotensfle specinns and bar specimens. - The
tests of HACA microtensile specir.:nsanflbar specimens (tmle II and
fig. lCI)tidica+,ethat the t~nsile strengths o~ the NAM microtensile
spe~i~~ were 5.6 to 10.6 percent lower than the tensile strengths
of the bar s-pecimens. A 9.2-percent difference h average tensfle
strengths between NA5h microtensile and tar specimens was found for
specimens machine~ fror.as-cast castinqs of 70,000 pounds per square
inch nominal tensile strer@h. A 10.6-percent difference in average
tensile strength between liACAmicrotensile amd bar s~cimens was found
for specimens machined from heat-treated ca~tings of 70,000 pounds
per square inch no%inal tensile st.r”~@h. These dil’ferencesresulted
from the fact that !JICArzcrotensfle specimens were sectioned from
both weak and strong portions of the casting, whereas the bar speci-
mens were sectioned from only the strongest portions. The test
castin~s were 39 designed that the gates were at t e large arcs of
the casting (a3 shown in fig. 2). The areas ti the proximity
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d the gates and risers probably have a great heterogeneity of
structure because of the lower cooling rates induced by the resulting
heavy section. The tensile strengths of the specimens sectioned
from these areas therefore have the greatest spread and the lmowest
average values.

The results of the tests on nmmlnal 70~000 pounds per square
.Snchfinished bar specimens su~ort the explanaticm offered in the
previous paragraph for the clifference h average tensile strength
between NACA microtens~e and bar specimens. Jn these tasts, NACA
microtensile specimens mre actually sectioned from bar specimens
and comparisons were made only cm the basis of strong sections. A
difference in tensile strength betmcen NAM microtensile and bar
spscimns of 4000 pounds per square inch (5.6 percent) resulted from
these tests.

The tests of bar specimens of 45,000 pourdq per square inch
n~ 1 tensile strength indicated a difference between NArCAmicro-
tensile and bar spccimms of 4000 pounds per square inch (8 psrcent).

Based on the agrnornentof test res’fitsfrom NACA microtensile
specimens with remilts from bar sy .ci:msns,it is bolieveclthat tno
tests on NACA microtensile spacimens obtained from all portinns of
the castti~s or rin~s give representative tensile strengths.

Table IX shows that the range of Lmsile strcn@hn fnr bar
spucimens vas rclativdy nssrow v:hcnonly two bars were tested for
c.,achset 01 average values. ‘Whensew:n or cight bars were t~sted
for each sc.tof avw~~o valum, t’w rilngp Of’ ti’nsilcstrenqths -S
nuc!l widcr.

The ran~e of values was wider for microtensilc tests than for
h,artests from ~ach casting but, in each caw, a greater nmber of
microtonsile tests was run- The range of tensile values for an
cqual n~~r of tests is apprtiate~v the samo for NACA microtensile
cml bar s-pecixmno. An e@anat im for the wide range of val.ucs
obtatied in the microtonsih tests may lie in the VW* grashite-
fMce size of the NACA micratensilx test specimens.

b@tallographic study. - The average t~nsilc etmen@s obtahed
frcm tests of a numlmr of NACA microtfins~lospacimens frmn each test
castiug checlcedfavorably with values obtaine~lfrom bar tests run at
AERL or by tho ring manufacturers. Individual AJERLtests, hoiever,
varied as much as 40 percent h scm case~, whereas the general rango
C& reprcduoibility of results of sthndard tests on cast irons from
the samo pouring is stated in reference 3 to be 1(Ito I.1percnnt.
The variation in t-heAFWL tests may ha= been due to differences in

. ...—. —----- .——
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the graphite-flake size of the NACAmicrotensile-test specimens.
Differences in graphite-flake size have more effect on test results
for microtensil.e specimens than for bar specimens because the
graphite flakes take up more proportionate area in the smalJ.than
La the large specimens. Dtiferences in graphite-flake size were
~served~ examintig and comparing polished cross sections of NACA
microtensile specimens of high and low tensile strengths from
castings, bars, and rings. Tn general, for cast tions of 45,000,
68,000, and 70,000 pounds per square inch nominal tensile strengths,
the specimens of high tnnsile strength showed finer graphite-flake
sizes than the specimens of low tensile strength. (See figs. 11 to
17.) The NACA microtensilc tests on cast fion of 95,000 pounds per
square inch nominal tensile strength showed that low tensile strengths
were obtatied when shrinkage porosity was present at the fract’ureof
the tested specinens. (See fig. 17.)

Figures 11, 12, and 13 illustrate the structural differences
between low-strength and the high-strsn@h specimens of as-cast and
heat-treated cast irons of 70,000 pou..ds per square inch nominal
tensile strength. .The large graphite flakeo in the law-strength
spec-imens indicate that large flake size wan probably the cauec of
the low-strength values of these cast irons. When th~ specinens
were etched with h-perc~nt picral to determine ‘i any additional
dtiferences in structure could be obssrved, disregarding graphite
flakes, no other importark dti-fnenccs jm structtirewere found. (See
figs. 11 to 17.)

Figure l& (cast-iron ring specimens of 65,000 lb/sq in. nominal
tensile strnngth) also substantiates the fact that lar~e graphite
flakes reduced the tensile stren~;th. l?iCurna1$ and 16 (tact-iron
ring specirens of 4~s~J lb/sq in. nomiml tensile stren({th)show a
dtifcronce in flake size but the difference i.snot so outstanding
as sharm in the previous fig-ures. It shovld bc noted, however, that
the differences in tensile strel@h are not so Crest as thwy wnrs
h the higher-strength cast irons. Becaufiethe tensile strmgths for
cast iron of 45,000 pounds per square inch nm+hal te]~silestrmgth
fell close to each other in most tests, it is believsd that the
45,000 pounds per square inch nominal tensile strength matsrial has
a more homogeneous structure than tho cast.iron of 72,003 pounds per
square inch nominal tensiie strength.

The effect of shri.nlqe cavities on tensile strength is shm.m
in figure 17, Figure 17(a) show skr~.nkapecatiti’:sin a low-stren@k
test speciri.enthat -;:assectioned from a i’inlshed!]istonring or
95,000 pounds per square inch nominal ten3ile strength~ tests
shared that this specimen had a tensile str~n@h of 60,6.~0pounds per
square inch. Fiqure 17(b) shows an almoct defsct-frqe specimen that
was soctionod from the sane rin&; this sp3cincR gave a twt valuo of
95,000 pounds pm square inch.

,,——.. ■
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SUNMNiY (l?RESULTS

.~esul@,Of tests of NACA @crotensile specirans from finished
cast-iron piston rings of ~-io~ now tensile str&@hs”-Shuwed .
that:

1. The rings of 95,000 pounds per sqwrq inch nondnal tensile
strength were greatly affected by shrinkage cavities. Average
results as high as 90,300 pciids per square inch, however, were
obtained by testjn.gknown defect-free areas of one rhg.

2. The ring of ~,000 pounds per square inch nominal tensile
strength gave an average value of 71,300 pounds per square inch. NO
radiographs were made of this ring and it is not known if shrinkage
cavities were responsible for the low tensile values.

3. The rings of 68,000 pounds per square inch nominsl tensile
strength gave an average of 68,900 pounds per square inch.

ha The rings of 70,000 pwncls psr square &rich nominal tsnsfle
strength gave an average value of 59,900 pounds per square inch,

5- Various rti.gs of h5,M0 pounds per square fich no~al ten-
sile strength gave average ~ues slightly below the nominal tensile
strength.

6. ?detallographic examination of hjgh-strsngth and low-strength
speci~ns from givca castings, bars, end rtigs showed that specimens
with larger graphite flakes had lowsr tensile strengths. No other
important structur&L differences were observed.

Results of tests of NACA microtensile and bar specinxms from
cast irons of 70,000 and 45,000 pounds per square inch nominal ten-
sile strength showed that:

1. The NACA microtensile specimns from as-cast test castings
of 70,000 pounds per square inch nominal tensile stren@h gave a
tensile strength 9.2 percent lower than the tsnsile strength of the
bar specimens. The heat-trsated test custi-ngsof 70,W po~ds Per
square inch notial tensile strength gave a tensile strength 10.6 per-
cent lower for the NACA microtensile specimns than for the bar
specimens. These differences can be Wrgely attributed to the fact
that some NACA ricrotensile specimens were machined from low-str-x@h
sections.

“.
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2. The NACA microtensile specimens from finished bare of
70,000 pounds per square inch nominal tensile strength gave a ten-
sile strength ~.6 percent luwer than the tensile strength of the
bar specimns.

3. The NACA nrlcroteneilespecimns from rough bars of
45,000 pounds per square inch nominal tensile strength gave a ten.
sile strength 8 percent lower than the tensile strength of the bar
specimens.

4. The results of the tests run atMZRL on bar specimens of
70,000 and 4~,000 pounds per sc@are inch nomiml tensile strength
checked closely with the results of bar-specimen tests made by the
manufacturer.

The use of the NACA microtensile specimns in a tensile-strength
tivestigation has the advantage of permitting the use of finished
piston rings which have been cast in a production manner. Based on
the agreement of test results from NACA microtensile specimens with
results from bar specimms, it is believed that the tests on NACA
microtensil.especimens obtained from all portions of the cast-s
or rings give representative tensile strengths.

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,

Cleveland, Ohio.
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N-I ~g &pe of ~istan ri~ %aber -Rangeof values Average
tensiie deeig- I’acs ?J!x&+-+ ‘ tested (lb/sq in.) tensile
strength llatien

(lb/sq h.]
&meter strength

“(in.) (lb/sq in.)

95,020 M-2 1
% : 60,600-76,400 69,700

AE-7 74,wJ36,7~ 80,500 ,
Au-1o ~,~o&9&2~ 90,300
M-lo 4 57*1QM9,600 58,300

80,”M0 AF-2
!! 4 52,609-78J+o0 71,300

66,000 m-l 5$ 4 62,200-85,300 718400 ,
Zz-1 4 !%3UP72,300 fiah~

68,900 Ave&e

70,000 1 + 4 ?0,100-73;400 62,m 1’
2 4 53,W-62,800 56,900

S9,W A-we

45,000 — I “ + 3 40,m3#800 4’2,3~

c+ Tapes $ 3 34,cOo&3m 389910

B-20Beveled ~~ 4 31,2-,300 37,900

G-23 chrCme- $ 4 J.@sl@3,7m 42,900
plated

F-23Flat 6$ 4 4%70*9,500 lLl,fDo

‘%ectias show skhdcage cavities.
National Advisory Committee

for Aeronautics
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(a) lest cast ing. (b) Rough bar specimens

Figure 2. - lest casting and rough ’bar specimens approximately ~ actual size
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(a) ‘Test casting. (b) Bar specimen. (c) Piston r/rig.
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Figure 3. - location of NACA microtensile and bar specimens taken from test castings, ~
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Figure4: Radiograph of rhgAE-2 showing shrinkage cavities, Nominal tensile strength, 95000 pounds per square inch,
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Figure 5- Rodiogrophs of rings AE-70ndAE-10 showing shrinkage cavit ies in ring AE-[O. Nominol tensile
strength, 95,000 pounds per squore inch.



HACA ARR HO. E5B21 Fig. 6

Figure 6. - Test setup shouing the Templin ~rips and bar
specimen.



NACA ARR Ho. E5B21 Fig. 7

Figure 7. NACA tnicrotens iie-specinen test setup- shouing
the universal joints, holders, and an NACA mlcro-
tensile specimen.
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secclons snowing snrlnKage cavl~xes.
FlgUPe 9.- Average PeSUltS of tensile tests on NACA mlcrotensile cast-iron specimens from

finished piston rings of 45,000, 68,000, 70,000, 80,000, and 95,000 pounds per square
inch nominal tensile strength. (Data from table I.)
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Fixure 10. - Average results of tensile tests of NACA microtenstle and bar cast-iron ‘“m

=pecim@ns from t;st castings of 45,000 and 70,000 pounds per square inch nominal
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tensile strength. (.Data from table l.) o



NACA ARR Mo, E5B21 Fig. Ila,b

i)netched

(Q) Tensile strength, 50,500

Etched rtith 4~parcent picral

pounds per square inch. X200.

Unetched Etched uith 4-percent pieral

(b) Tensite strength, 81,000 pounds per square inch..

Figure 11.

1200.

- Photomicrographs of specimens shouing larger
graphite-flake sizes for the specimens of lower
tensile strength. Ali specimens were sectioned
from cast iron of 70,000 pouwds per square inch
nominal tensile “strength (as cast). Test
casting 2.
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NACA ARR )40. E5B21 Fig. 12a,b

Unetched Etched with d-percent picra\

(a) Tensile strength, 61,500 pounds per square inch. 1200.

Unetehed

(b) Tens i Ie strength, 74,800

Etched With d-percent p~cral

pounds per square inch. X200.

Figure 12. - Photomicrographs of specinens sho~ing larger
graphite-flake sizes for the specimens of lou-
er tensile strength. All specimens uere section-
ed from cast iron of 70,000 pounds per square
inch nominal tensile strength (heat treated).
Test casting 1.
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NACA ARR No. E5B21

Unetched

(a) Tens ile strength, 50,100

Unet ched

(b) Tensile strength, 73, 400

Figure 13. - Photomicrographs

. Fig. 13a,b

Etched with 4-percent picral

pounds per square inch. 1200.

“14 . C-5+ 56

Etched with 4-percent picral

pounds per square inch. 1200.

of specimens showing larger
graphite-flake sizes for the specimens of Iouer
tensile strength. All specimens were sectioned
from a heat-treated 5&inch-nominal-diameter

finished piston ring of 70,000 pounds per square
inch nominal tensile strength.
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NACA ARR No. E5B21 Fig. l~a,b

Unetched [tched uith 4-percent picrat

(a) Tensile strength, 58,300 pounds per square inch. 1200.

f/netched Etched ulth 4-pereent plcral

(b) Tensile strength, 72,300 pounds per square inch. X200.

Figure 14. - Photomicrographs of specimens shouing larger
graphite-fiake sizes for the specimens of /ouer
tensile strength. All specimens uere sectioned
from a finished piston ring of 68,000 pounds per
square inch nominal tensile strength. Ring 22-1.
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NACA ARR No, ~5B21 Fig. 15a,b

Unetched Etched with 4-percent picrol

(0) Tensile strength, 34,000 pounds per square inch. X200.

Unetched Etched With 4-percent
(b) Tensile strength, 41,300 pounds per square inch.

Figure 15. -

NAC/4
c-5457

picral

1200.
Photomicrographs of specimens shouing larger
graphite-flake sizes for the specimens of lower
tensile strength. All specimens were sectioned
from a finished piston ring of 45,000 pounds
per square inch nominal tensile strength.
Ring C-5.
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NACA ARR Ho. E5B21

,

Unetched

(a) Tensile strength, 32,000

Unetched

(b) Tens 118 strenjth, 45,600

Fig. 16a,b

Etched with 4-percent picrol

pounds per square Inch. 1200.

Etched with 4-percent picrai

pounds per square inch. X200.

Figure 16. - Photomicrographs of specimens shouing larger
graphite-flake sizes for the specimens of ten-
sile strength. All specimens uere sectioned
from a finished piston ring of 45,000 pounds
pa;gs;u;re inch nominoi tensiie strength,.
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NACA ARR No. E5B21

_..-– .—---
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Unetched

Fig. 17a, b

Etched with 4-percent picrol
(a) Representative sample shouing defects in the form of

shrinkage cavities. Tensile strength, 60,600 pounds
per square inch. 1200.

Unetched Etched uith 4-percent picra,l
(b) Representative sample of defect-free section from same

ring as (a). Tensile strength 95,000 pounds per
square inch. 1200.

Figure 17. - Photomicrographs of specimens showing the dif-
ference in microstructure between high and lou
tensile-strength specimens. All specimens were
sectioned from a finished piston ring of 95,000
pounds per square inch nominal tensile strength.
Ring AE-2.
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